
NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

TECHNICAL hOTE 

No. 1139 

FLIGHT TESTS OF AN ALL-MOVABLE HORIZONTAL 

TAIL WITH GEARED UNBALANCING TABS ON 

THE C U R T I S  XP-42 AIRPLANE 

By Harold F. Kleckner 

Langley Memorial  Aeronautical Laboratory 
Langley Field,  Virginia 

Washington 
October 1 94 6 



NATIONAL ADVISORY COJ!dIJIMITTEE FOR AERONAUTICS 

FLIGHT TESTS O F  APT AL,L-P"OVABLE HORIZONTAL 
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THE CURTISS XP-42 A I R P L A N E  

By Harold F. Kleckner 

R e s u l t s  a r e  p re sen ted  o f  f l i g h t  t e s t s  o f  a n  a l l -  
movable t a i l  w i t h  gea red  unbalancing t a b s  i n s t a l l e d  on 
t h e  C u r t i s s  X?-@ a i r n l a n e .  T r e v i o m  t e s t s  o f  t h e  a l l -  
movable t a i l  showed t h a t  a se rvo tab  c o n t r o l  an6 bobweight 
provided  a s t a b l e  v a r i a t i o n  of s t i c k  f o r c e  w i t h  speed and 
a c c e l e r a t i o n ;  however, the s t i c k  f a r c e s  were u n s a t i s f a c -  
torily l i g h t  for r a p i d  nlaneuvers. H f C t 6 r  t h e s e  t o s t s  the 
p i lo-L*s  s t i c k  was cannected d i r e c t l y  t o  t h e  t a i l  m d  t h e  
t a b s  were changed f r o m  se rvo tabs  t o  geared  unbalancing 
t a b s .  The p r e s e n t  paper covers  t e s t s  made w i t h  %his 
c o n t r o l  arrangement .  

The unsa t i s . f ac to ry  l i g h t n e s s  t h a t  had been o b t a i n e d  
w i t h  t h e  se rvo tab  c o n t r o l  was e l i m i n a t e d  vVT.th t h e  tabs 
connected as geared unbalancing 'Labs. Iz? the f i n a l  con- 
f i g u r a t i o n ,  which inc luded  s t i c k - c e n t e r i n g  s p r i n g s  t o  
:increase t h e  s t i c k  f o r c e s  i n  lanciLng, t h e  all-movable 
t a i l  w a s  cons ide red  a sat isf  actgr>y c o n t r o l ,  i n d i s t i n -  
gu i shab le  from 2 good convent iona l  e l e v a t o r .  The long%- 
t u d i n a l  s t a b i l i t y  and c o n t r o l  c i i a r a c t e r i s t i c s  of the  air- 
p lane  were n o t  m a t e r i a l l y  changed w i t h  t h e  a l l - rmvable  
t a i l ,  and no unconvent ianal  c o n t r o l  c h a r a c t e r i s t i c s  were 
encountered  i n  s i d e s l i p s  or i n  s t a l l s .  A cockpi t  c o n t r o l  
over  t h e  tab  g e a r  r a t i o  was found s a t i s f a c t o r y  f o r  
a d j u s t i n g  t h e  s t i c k  f o r c e  pe r  g i n  t u r n s  iiccording t o  t h e  
p i l o t  1s p r e f e r e n c e .  

E x t r a p o l a t i o n  o f  t h e  f l i g h t  daka o b t a i n e d  showed that 
s a t i s f a c t o r y  l and ings  and d e s i r a b l e  s t i c k  fc?rces  i n  t u r n s  
would be  o b t a i n a b l e  w i t h  hn i n s t a l l a t i o n  similar t o  L h a t  
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on t h e  XP-42 a i r p l a n e  f o r  a c e n t e r - o f - g r a v i t y  range 
Prom 10 t o  30 percen t  mean aerodynamic chord as compared 
w i t h  a range from 22 t o  30 pe rcen t  o f  t h e  mean aerody- 
namic chord f o r  t h e  o r i g i n a l  convent iona l  t a i l .  Calcula-  
t i o n s  showed t h a t  t h e  same t o t a l  range o f  p e r m i s s i b l e  
c e n t e r - o f - g r a v i t y  l o c a t i o n s  provided  by t h e  convent iona l  
t a i l  of  t h e  XP-42 a i r p l a n e  could be o b t a i n e d  w i t h  an a l l -  
movable t a i l  of 35 pe rcen t  l e s s  a r e a ;  however, t h e  pe r -  
m i s s t b l e  c e n t e r - o f - g r a v i t y  range f o r  t h e  all-movable t a i l  
would be l o c a t e d  7 pe rcen t  of t h e  mean aerociynamic chord 
forward o f  t h e  range p e r m i t t e d  by t h e  convent iona l  t a i l .  
A t  Mach numbers near  u n i t y  t h e  all-movable t a i l  w i l l  
r e q u i r e  a power boos t  c o n t r o l  t h a t  could be adapted  a s  
well t o  a movable s t a b i l i z e r .  The r e 6 u c t i o n  i n  t a i l  s i z e  
that can  be o b t a i n e d  with an all-movable t a i l ,  however, 
would be expected t:, impyove e l e v a t o r  c o n t r o l  c h a r a c t e r -  
i s t i c s  for  this  high-speed range.  

I N T R O D U C T I O N  

The i n i t i a l  f l i g h t  t e s t s  o f  t h e  all-movable h o r i -  
z o n t a l  t a i l  on the  C u r t i s s  XP-42 a i r p l a n e  were repor ted .  
I n  r e f e r e n c e  1. These t e s t s  were made w i t h  a se rvo tab  
ccsntrol arrzngement t h a t  gave near -zero  v a r i h t i o n s  of 
s t i c k  f o r c e  w i t h  e l e v a t o r  ang le  and t a i l  angle  of a t t a c k .  
With this  c o n t r o l  arrangement t h e  all-movable t a i l  
appeared t o  o f f e r  a means o f  e l i m i n a t i n g  d i f f i c u l t i e s  
t h a t  were be ing  r e p o r t e d  by p i l o t s  i n  r ecove r ing  from 
d ives  a t  high Mach numbers, namely excess ive  s t i c k  f o r c e s  
and e l e v a t o r  i n e f f e c t i v e n e s s ,  I n  t h e  i n i t i a l  f l i g h t  
t e s t s  th.e e l e v a t o r  c o n t r o l  with t h e  se rvo tab  arrangement 
was Pound t o  be u n s a t i s f a c t o r y .  Although t h e  bobweight 
i n  t h e  c o n t r o l  system gave a s t a b l e  v a r i a t i o n  o f  s t i c k  
f o r c e  with speed and a c c e l e r a t i o n ,  t he  near -zero  v a r i a -  
t i o n  o f  s t i c k  f o r c e  w i t h  s t i c k  d e f l e c t i o n  made t h e  c o n t r o l  
so l i g h t  i n  r a p i d  movements t h a t  t h e  p i l o t  f e l t  uneasy 
and u n c e r t a t n  i n  hand l ing  t h e  a i r p l a n e .  

A f t e r  t h e  i n i t i a l  t e s t s  of  r e f e r e n c e  1 the  c o n t r o l  
system was changed i n  o r d e r  t o  o b t a i n  more convent iona l  
v a r i a t i o n s  o f  s t i c k  r o r c e  with e l e v a t o r  angle  and t a i l  
angle  o f  a t t a c k .  The p i l o t ' s  s t i c k  was connected d i r e c t l y  
t o  t h e  t a i l ,  and t h e  t a b s  were changed from se rvo tabs  t o  
geared  unbalancing tabs t h a t  were s i m i l a r  t o  those  used 
on t h e  v e r t i c a l  t a i l  s u r f a c e s  o f  r e f e r e n c e s  2 and 3 .  A 
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program of f l i g h t  t e s t s  was then  c a r r i e d  o u t  t o  e v a l u a t e  
t h t s  conf fgu ra t ion  CIZ t h e  al l -movable  tail, The p r e s e n t  
Tailer d e s c r f b e s  the r c s u l t s  of t h e s e  f l i g h t  t e s t s  and 
n r e s e n t s  some a d d i t i o n a l  ana lyszs  that  a r e  p e r t i n e n t  t o  
t h e  use o f  an all-movable t a i l .  

t a ? l  l l f t  c o e f f i c i e n t  

wing area 

ho~fzontal-tail a r e a ;  i n c l u d e s  a r e a  of s e c t i o n  
tliroug’ti f u s s l a g e  

a c c e l e r a t l c n  due t o  g r a v i t y  

taf  1 l egg th ;  d i s t a n c e  frclrn a i r p l a n e  c s n t t r - o f -  
g r a v i t y  posi . tBi5.[1 t c  e l e v a  t o r  hi.nl;c l i n e  

Tree - 3 tr  e m -  dyiiarni c pre  s s u r e  

dynamic pressure at t a i l  

t a b  g e i r  r a t i o  

t a i l  angle of c.t t9ck 

e l e v a t o r  d e f l e c t i o i l ,  neascred from t h r u s t  axis 

t a b  C e f l e c t i o n  

r e l a t i v e  e f f e c t i v e n e s s  ~f e q u i v a l e n t  full-span tab 
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e l e v a t o r  hinge-moment c o e f f i c i e n t  C b  

be e l e v a t o r  span 

ct: e l e v a t o r  r o o t  -mean- square  chord 
.- 

v a r f a t i 3 n  of  e l e v a t o r  hinge-moment c o e f f i c i e n t  
w i t h  angle o f  a t t a c k  of t a i l  (dCi;,/ba~) 

C h q  

v a r i a t i o n  o f  e l e v a t o r  hinge-moment c o e f f i c i e n t  
"6 e wi th  e l e v a t o r  d e f l e c t i o i i  (bch,/b68) 

v a r f a t i o n  o f  t z i l  lift c o e f f i c i e n t  w i t h  t z i l  angle 
( b  p q) of a t t a c k  

mass d e n s i t y  o f  eir a t  s e a  l e v e l  Po  

The C u r t i s s  XP-i.c.2 a i r p l a n e  a:: t 2 s t e d  w i t h  the a l l - -  
movablo har:zontul tail i s  sl.mwn i n  P.i_gure 1, and g e n e r a l  
s p e c i f i c a t i o n s  .for t h i s  s i r p l a n e  are gi-yen in t h e  appendix. 
Jn order t 3  detzrmine t h e  e f f e c t  o f  t h e  a l l - n o v s b l e  t a i l  
on  st&l l t t y  and c o n t m l  c h a r & c t c r i s t i c s ,  t h e  XP-!+2 a i r -  
plane w i t h  t h e  al-1-novahle t a i l  YWS compared w i t h  an  
e q u i v a l e n t  L i r p l s n e ,  the C u r t i s s  ~ - 3 6 ~ ~  with convent iona l  
t a i l .  Comparable p:hs Lographs o f  t h e  two a i r p l a n c s  a r e  
shewn fn f i g u r e s  3- t o  li.. Tho long-nose engine and cowling 
th; t c o n s t i t u t e d  t h e  nrircarg d i f f e r e n c e  between t h e  
or ig in : i l  XP-& airp13nc: hnd t h e  P - 3 6 ~  a i r p l a n e  were 
1.eplzced w i t h  Q conveni ions l  short-nose eirgiue and cowling 
p r i o r  t o  t h o  t e s t s  w i k h  t h e  p-11-movable t a i l .  F igu res  1, 
2, 3 ,  ~ n t i  4 l r rd ica te  Lh;t thc, P-42  c i r p l a n e  zes tod  i s  
s u f f i c i e n t l y  s i q i l u r  tn t h e  P-3614 a i r p l m e  to j u s t i f y  t h e  
assumL3tion that t h e  tw\, s i r p l t i n e s  Ere e q u i v a l e n t .  

C h a r s c t e r i s t i c s  of t he  all-movable t a i l  a r e  g iven  i n  
t h e  appendix z.nd are shcwn i n  f i g u r e s  5 t o  3. A t h r e e -  
view drawing o f  the XP-42 t i irplanL w i t h  t he  a l l - u o v a b l e  
ta9 1 i s  shnwr, i n  f i g u r e  7. E'or comparative purposes ,  the 
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dimensions of t h e  o r i $ i n a l  f ixec3-s tab i l izer  h o r i z o n t a l  
t a i l  a r e  also incll:3ecl i l l  t h e  aj>pCntlfx. The a r e a  o f  t h e  
all-raovaDle tFj-1. V J G J  iTi;*de about equa l  t o  t h e  a r e a  o f  t h e  
o r i g i n a l  c a i l ;  t h e  Ltnpc,c:; rati;,  was i n c r e a s e d  i n  
comparison w i z h  that 02 t b e  or igir :a l  t a i l  i n  o r d e r  t o  
ci7rn.sensake i n  n m t  f o r  a s b o r t c r  t%ll le,igth t;h:_lt was 
requl-red for i n s t a l l a t i 3 n  pur-ooses. (See f i g .  8.) The 
t a i l  e f f e c t i v e n e s s  parametcr zTST o f  the all- 

movable t a l 1  i s  e q u a l  t o  0.9 that; o f  the o r i g i n a l  f i x e d -  
stabilizer t a i l .  

Severa.1 9 the r  details cf the t a i l  i n s t u l l a t i o n  a r e  
w o r t h  i ioking. During t h e  t c s t j !  of i 'efercnce 1, strips 

5 



were a t t a c h e d  t o  the e l e v a t o r  t r a i l i n g  edge ( f i g .  9 )  t o  
move the  aorodgnamic c c n t e r  back t o  the e l e v a t o r  hinge 
l i n e .  l'hesc s t r i p s  were k e p t  om t h e  e l e v a t o r  for t h e  
p r e s e n t  t e s t s .  The bobweight i n  the c o n t r o l  system for 
t h e  t e s t s  o f  r e f e r e n c e  1 was reimved, b u t  unbalance of 
t h e  c o n t r o l  Fystem gave an e f f ec tPve  bobweight o f  0 .5  pound 
s t i c k  .force f o r  t h e  p r e s e n t  t e s t s .  The gap between t h e  
t a . i l  and  t h e  fuselagt3 was p a r t l y  s e a l e d  w i t h  sponge-rubber 
s t r i p s ;  t h e  gap around the "carry- throughl t  s t r u c t u r e  was 
n o t  s e a l e d .  T h i s  gan c o n s i s t e d  o f  t r a n s v e r s e  openings 
through t h e  f u s e l a g e  above a n d  below t h e  ca r ry -  through 
s t r u c t u r e ,  which was l o c a t e d  between about 7 and 23 p e r -  
cen t  o f  t h c  t a i l  chord a t  t h e  t a i l - f u s e l a g e  junc tu re .  
These opanings were necessary t3 permi t  unobs t ruc t ed  
d e f l e c t i o n  o f  tiic s n t l r e  h o r i z o n t a l  t a i l  about  the 
24-percent-chord hing;: l o c a t f o n .  An i d e a  o f  t h e  shape 
and s l z e  of the gap firound t h e  c s r ry - th rough  s t r u c t u r e  
may be o b t s i n e e  from f ' ikpre  6. 

Some changes were a Q 6 e  during t h e  p r e s e n t  t e s t s ,  and 

(1) A s p r i n g  was ndded  between the t a b s  and the e l e -  
v a t o r  t o  t akc  u;3 t h e  hsck laeh  i n  the  l i nkage  and the reby  
t o  e l imini l te  p l a y  i n  the tab system, The l o c a t i o n  of  t h e  
s p r i n g  i s  shown en f iGure  10. 

t h e s e  changts  ar:: l i s t e d .  a s  fol lows:  

( 2 )  F r i c t i o n  xas Lilded i n  t h e  w n t r o l  system for 
some flights t o  i n c r e a s e  t h e  f r i c t i o n a l  s t i c k  f o r c e  from 
zbout  kO.2 pound t o  3-2 pounds. The addsd f r i c t i o n  was 
u s e f u l  En improving coord ina t ion  For r a p i d  maneuvers of  
the  e l e v a t o r  w i n t r o l  WEth the a i l e r o n  cont i%ol ,  which was 
heavy 2nd had  l a r g e  f r i c t i o n .  

( 3 )  S t i c k - c b n t e r i n g  s p r i n g s  were added f o r  t h e  l a s t  
f l i g h t s .  These s p r i n g s  gave a l i n e a r  v a r i a t i o n  of  s t i c k  
f o r c e  with s t i c k  6 e f l e c t i o n  and r e q u i r e d  a 16-pound s t i c k  
foxace t o  d e f l e c t  t h e  s t i c k  full i'orv\rnrd o r  full back. 

SCOPI": AND GENERAL RZSVLTS O F  TEXT'S 

T h e  f l i g h t  t e s t s  r e p o r t e d  herein e r e  those  made t o  
e v a l u a t e  t h i  ; l l -movable  t a i  1 w l t k ,  g ea red  unbalancing t a b s .  
The t e s t  prc;gram i s  given i n  t he  f 'o l l~vving  parnzraphs i n  
chronologic.al  o r d e r  t o g e t h e r  w i t h  some o f  t h e  p r i n c i p a l  
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r e s u l t s  s o  that  t h e  sequence of  m o d i f i c a t i o n s  can be  
t r a c e d .  PYmtograrM-c r eco rds  were taken  w i t h  MACA 
r eco rd ing  in s t rumen t s  dur ing  each  f l i g h t .  Measurements 
ware made o f  i n d i c a t e d  a i r speed ,  nGrmal a c c e l e r a t i o n ,  
e l e v a t o r  p o s i t i o n ,  t a b  p o s i t i o n ,  and e l e v a t o r  s t i c k  f o r c e .  
I n  a d d i t i o n ,  measurements were made o f  ang le  o f  sideslip, 
rudder  a n g l e ,  and rudder  f o r c e  for the s i d e s l i p  t e s t s .  
Airspeed w a s  measured by a swive l ing  s t a t i c  head and. 
s h i e l d e d  t o t a l  head  1 chord l e n g t h  ahead o f  t h e  wing t i p ,  
and n3 c o r r e c t i o n  was made for p o s i t i o n  e r r o r .  

I n  t h e  f ' l r s t  f l i g h t  w i t h  the gea red  t ab  c o n t r o l  
system ( f i g .  10) t h e  e l e v a t o r  was found t o  be u n s a t i s f a c -  
t o r i l y  light knd s e n s i t i v e .  The r e c o r d s  showed t h e  fau-1-t 
t o  be i n e x a c t  fo l iowing  of' t h e  elevatoor motion by t h e  
t a b s  because o f  p l a y  "in t h e  t a b  msnt ro l  1inkaGe. A s  a 
r e s u l t ,  t h e r e  was e f f e c t i v e l y  zero  unbalancing t a b  a c t i o n  
i"or e l e v a t o r  movements o f  0.5O or l e s s .  
t a b  system was e l i m i n a t e d  b;? use o f  t h e  s p r i n g  between 
t h e  tabs and t i e  e l e v a t o r ,  and w i t h  added f r i c t i o n  i n  the 
system, t h e  c o n t r o l  was f a i r l y  s a t i s f a c t o r y .  The s t i c k  
f o r c e s  were s t i l i  cons idered  l i g h t  p : ~ r t i c u l a r l y y  i n  
l andfag ,  and t h e  t a b  gear r a t i o  would hkv6 bean i n c r e a s e d  
a t  this t:irnc i f  more t s b  deL"lectlc,n had been a v a i l a b l e .  

The p l ay  i n  t h e  

'?he t e s t  p r o p a n  was cQntfnued w i t h  th i s  arrangement,  
and seven € ' l i g h t s  were mads t o  o b t a i n  &ita Cjri the  l o n s i -  
tuc! inal  sta17t'ilit:j azid c o n t r o l  c h a r a c t e r i s t i c s .  No changes 
were made cjuring these  t e s t s  except  t h z t  t he  added f r i c t i o n  
~ 8 s  renoved f o r  several .  f l i q h t s  t&~en a c c u r a t e  s t i c k  f o r c e s  
were dcsi-recl. For t h i s  sc*ries :>f f l i g h t s  t h e  a i r p l a n e  
weight v i a s  about  5800 pounds and t h e  c e n t e r  o f  2rz;vity 
was a t  23.e pc.,rcer,t of tlic mean aerodynamic chord with 
v:heclo clown and a t  25.7 perciL.nt x4.tji wheels up .  

bhen t h e  fo rego ing  P li.@its were completed, s t i c k -  
cente i4ng  s p r i n g s  were add*:d t o  t h e  c c n t r o l  system. t o  
i r icrease t h e  sL?ck f o r c e s  i n  1mCing and, t o  a l e s s e r  
e i g r e e ,  the s t i c k  f o r c c s  i n  the uormal  f l y i n g  range. The 
s p r i n g s  x e r e  no t  a d d e d  f o r  t h e  2hrl.g tests because t h e i r  
acldikion vmuld have c m p l - i c a t e d  t h z  measurement o f  the 
e levakor  h inge  moments. With the s n r i n g s  Ins t aL l6d  the 
c o n t r o l  was coi ls idered s a t i s f a c t o r y  i n  a l l  r e s p b c t s  . The 
p r e s e n t  t e s t s  were hhsn conclix5et"d witlr~ f l i g h t s  by d i f f e r e n t  
?SAC& p i l a t s .  ~ 1 1  tiu pilJts agreed  t h a t  with this c o n t r o l  
brrangement t h e  all-movable t.2-i.1 was a s a t i s f a c t o r y  longi -  
tudinal GO n t r o  1 ine f  s t i n g u i  shsb IC from a good convont ior ia l  
e l e v a t o r  0 
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DETAILED RESULTS AND DISCUSSION 

Dynamic Long i tud ina l  S t a b i l i t y  and Cont ro l  

I n  t h e  f i r s t  f l i g h t  of the p r e s e n t  t e s t s  a s h o r t -  
- p e r i o d  c o n t r o l - f r e e  l o n g i t u d i n a l  o s c i l l a t i o n  w a s  obtaine-& 
which d i d  n o t  damp o u t  i n  one cyc le  as r e q u i r e d  by r e f e r -  
ence 4.. The o s c i l l a t i o n  was t h e  r e s u l t  o f  p l a y  i n  t'ne 
t a b - a c t u a t i n g  system, which r e s u l t e d  i n  e f f e c t i v e l y  zero 
unbalancing t a b  a c t i o n  for e l e v a t o r  movements of  O . 5 O  o r  
l e s s .  After tlie play was e l imina ted ,  t he  o s c i l l a t i o n s  
d m p e d  s a t l s f ' a c t o r i l y  ( f i g .  1 2 ) .  

The problem o f  dynamic lon@.tudinal control, o r  
c o n t r o l  f e e l ,  w a s  encountered i n  t h e  f n i t i a l .  t e s t s  o f  
r e f e r e n c e  I. f'or which the  a1.L-mc,vablc 'Gail vias c o n t r o l l e d  
b y  a sorvotab .  In t hose  t e s t s  it was i'ound that ,  because 
of t h e  use  of a bobw,:i@ht, t h e  con ' t rol  f o r c e s  were s a t i s -  
f a c t o r y  i n  s t e a d y  maneuvers. For ra-oid or a b r u p t  maneuvers, 
however, t he  c o n t r o l  f o r c e s  were found $0 be t o o  l i g h t  t o  
s a t i s f y  t h e  p i l o t s .  This l i g h t n e s s  o f  t h e  c o n t r o l  r e s u l t e d  
from %he f a c t  t h a t  t h e  s t i o k - f o r c e  v a r i a t i o n  w i t h  s t i c k  
d o f l e c t i o n  was n e s r  z e r o  The d i f f i c u l t y  was a l i m i n a t e d  
for -the p rosen t  t e s t s  when t h e  s o r v o t a b  c o a t r o l  was changed 
t o  a d i r e c t  c o n t r o l  between t h e  p i l o t ' s  s t i c k  and t h e  e l e -  
v a t o r ,  w i t h  the tabs connected 3.s geared unbalancing tabs. 
T h i s  arrangcment provrlded s u f f  i c i u n t  v a r i a t i o n  of' s t i c k  
f o r c e  wI.t I1 elevator d e f l e c t i o n  t o  i n d i c a t e  t o  t h e  p i l o t  
t h e  m o u n t  of  c o n t r o l  that he was u s i n g .  The exper ience  
with the c lose ly -ba lanced  all-movable t a i l  and o t h e r  
exper iences  with ex.porimenta1 convent iona l  e l e v a t o r s  have 
sfzovin t h e  need f o r  a d d i t i o n a l  c o n t r o l  r equ i r tmen t s  i n  
r a p i d  man,auvers ( r e f e r e n c e  5 ) .  

S t a t i c  Long i tud ina l  S t a b i l i t y  

Represen ta t ive  data  on the s t a t i c  l o n g l t u d i n a l  s ta-  
b i l i t y  of the C u r t i s s  XP-14.2 a i r p l a n e  with t h e  al l -movable  
t a i l  a m  p resen ted  i n  f i g u r e  1-3. The d a t a  sh.ov;r that  t h e  
a i r p l a n e  is g e n e r a l l y  s t ab le  but  fs c h a r a c t e r i z e d  by a 
tendency t o w a r d  s t i c k - f r e e  i n s t a b i l i t y  a t  low speeds f o r  
all power cond i t ions  and by a l a ~ g e  loss i n  t h e  s t i c k - f i x e d  
s t a b i l L t y  i n  changing t h e  engins power from power o f f  t o  
r z t e d  power. 
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k comparison i s  made i n  f i g u r e  14. o f  a v a i l a b l e  s t i c k -  
Tixed s t a t i c  s 3 a k i l i t y  d a t a  f ' D r  t h e  XP-42 a i r p l a n e  w i t h  
the ;il-mov&ble t a i l  with t h e  d a t a  f o r  t h e  P - 3 6 ~  a i r p l a n e  
w i t h  the convent iona l  f i x e d - s t a b i l i z e r  t a i l .  I n  f i g u r e  14. 
the P - 3 6 ~  e l e v a t o r  ang le s  a r e  shown on a s c a l e  twice tha t  
o f  tlie XP-I!L~ e l e v a t o r  ang le s  Decause tlze P - 3 6 ~  e l m a t o r  
e f f e c t i v e n e s s  i s  a p p r o x i v s t e l y  one-half  the e f f e c t i v e n e s s  
of  the al l -movable  t a i l  as e s t i m a t e d  from t h e  c h a r t s  of 
r e f e r e n c e  6. With th i s  arrangement equal s l ~ p e s  o f  6e 
with CL r e p r e s e n t  approximately tlie sane degree of' 
s t i c k - f i x e d  s t a b i l i t y .  3ecause the product  L @ ~ T { : C L ~ ) ~  

i s  smaller for t h e  al l -movable  t a - i l ,  t h e  XP-42 a i r p l a n e  
would be expec ted  t o  have somewhat l e s s  s t a b i l i t y  than  
t h e  P - 3 6 ~  a l rp lu r i e ,  b u t  f i g i i r e  i,!+ sl-iovts t k t  the  r e v e r s e  
of this e x p e c t a t i o n  i s  t r u e .  The r e l a t i v e l y  Iii6;her s ta- 
b i l i . t qy  o f  the al!-mov~.ble t a i l  n i g h t  be a t t r i b u t e d  i n  
par t  i o  t h e  f a c t  that  t h e  .fuselage gap was p a r t l y  s e a l e d ,  
whereas the, f i x e d - s t a b i l i z e r  tali hail an e l e v % t o r  with 
an unsea led  gap h t  tho h tnge  l i n e  and with a l a r g e  cu t -out  
for t h e  r u d d e r ,  This d i fze rznee  i n  the gap c=n:%tlioiis 
nay have l e d  t o  a r e l a t i v e l y  h i g h e r  esti;naLeCi va lue  o r  
t h o  tail l i f  t -curve  s l o p s  Tor t h e  f i x e d - s t a b i l i z c r  ta-!-l* 

E l e  v a  tor Con tr  o 1 

Elevair.or c o n t r o l  i n  Ltii?n%ng f l l g k i t  , - Represen ta t ive  --- ^__1_-_1- 

ds ta  TEtafnsd i n  t u r n i n g  flight %:To p r e s e n t e d  i n  f i g u r e  15. 
Tne d a t a  incl icute  t h a t  t h e  s tFck f a r c e  p e r  g i n  s te ' idy 
t u r n s  was w i t h i n  t h a  l i m i t s  prescribed i n  rbf'erence 4- for 
t h e  centt;er-of - g r a v i t y  p o s i t i o n  t e s t e d .  3ata in t u r n i n g  
f l i g h t  were n 3 t  o b t a i n e d  foi comFarative cond i t ions  a f t e r  
t h e  s t i c k - w n t e r i n g  spr ings were aiidsd. The s n r i n g s  would 
be expec ted  t o  i r icrease t h e  f 3 r c e  p e r  g i n  t u r n s ,  t h e  
i n c r e a s e  being p r o p o r t i o n a t e l y  p e a t o r  a t  lower speeds. 
T h i s  e f f e c t  K i t h  speed i s  f a v o r b b l s  bccause i t  l n c r e a s e s  
t h e  f'?rce r e q u i r e d  t o  s t a l l  the h i r p l s n a  a t  low va lues  
of  mrrnial a c c e l e r a t i o n .  

Sdith t h e  s t i c k - c c n t a r i n g  sprin,!;s i n s t a l . l a d  &nd w i t h  
a t a b  gea r  r a t i o  af 1.3, tLe s t i c k  f o r c e  pc:r g a t  220 m i l e s  
pe r  hour  with power f o r  l e v e l  f l i g h t  was measured to be 
about  10 pounds. 2rom these i r i i t i a l  conilit~ioi?s t h e  p i l 2 t s  
exne r inen t sd  with t'ns cockp i t  cor i t ra l !  ovtjr the  tEb gear 
r a t i o  and found th i s  typo of con t r31  a s a t i s f a c t o r y  methQd 
for r educ ing  s t i c k  f o r c e s  en tui7ni11g f l i g h t ,  The p i l o t s '  
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f a v o r a b l e  r e a c t i o n  t o  the  c o n t r o l  prompted t h e  sugges t ed  
iise ( r e f e r e n c e  7) o f  this  type of c o n t r o l  for extending  
t h e  c e n t e r - o f - g r a v i t y  range f o r  s a t i s f a c t o r y  s t i c k  f a r c e s  
i n  t u r n i n g  f l i g h t .  

E l e v a t o r  c o n t r o l  i n  s i d e s l i p s  .- The e l e v a t o r  c o n t r o l  
--I_ L_-- 

c h a r a c t e r i s t i c s  were i n v e s t i g a t e d  i n  s i d e s l i p s  t o  a e t e r -  
mine whether t h e  d i s t o r t e d  f low c o n d l t i o n s  a t  t he  t a i l  
I n  yawed f l i g h t  caused unusual  e l e v a t o r  foyce  c h a r a c t e r -  
i s t i c s  w i t h  t h e  all-rimvable t a i l ,  Da.ta. a r e  p r e s e n t e d  i n  ' 

f i g u r e  16 t o  show t h e  v z r i t i t i o n  of rudder  and e l e v a t o r  
f o r c e  and d e f l e c t i o n  w i t h  s i d e s l l p  and t h e  e f f e c t  t he reon  
o f  power, f l a p s ,  find airspeed. The r e s u l t s  show that no 
uneogvsnt iona l  elevator1 cL2nt ro l  c h a r a c t e r i s t i c s  were 
encount,ored w i t h  the a l l - m v a b l a  t a i l .  

E lev3tor  con t r31  i n  s+,cllls .- The e l e v a t o r  c o n t r o l  
c h a r a c t e r i s  Lics Irere Inves t iga tGd  f n  s t a l l s  t o  determine 
whether t h e  all-movable tafil. csused  unusual  c o n t r o l  char-  
z c t e r f s t i c s  ,, S t a l l s  were rnLde wsLh power on ( m x d f o l d  
p r e s s u r e ,  27 i n .  Bg and engine speed, 2200 rpn) and power 
o f f  imth with ; I ~ p s  iip :im! with f l a p s  dowrl, The d u r a t i o n  
of s t a l l e d  f l i g h t  was s h o r t  i n  each case  because t h e  
XF-42 &i , rglhne s t a l l s  with an ab rup t  and v l o l e n t  d i v e r -  
gence i n  r o l l  a-lnd. ;YaiN. As a c3nsequencs, t h e  p i l o t  w a s  
i!naiblc: t o  fly beyond tke  st::l1 and 5miediatt:l-y a p p l i e d  
forward elt_::.t.~itoil t o  check h e  i n s t s b i l i t y .  Eo unconven- 
t i o m 1  e l e v a t o r  c o n t r o l  c h a r a c t e r i s  tLcs  ware encountered  
with the :\ll-mov;hle t a i l  i n  tho  s t a l l s .  
*. 

E l e v a k o r  c o n t r o l  i n  take-off  . - E l e v a t o r  c o n t r o l  
characte;- .- ist ics i n  t ~ ~ k ~ - o ~ f l ' ; l i i i c l u d i n g  a tnke-off  w i t h  a 
15 mile-per-tLour 903 cross wind, were riorm.11 i n  ax1 
respt-?cts.  In the t c s t s  o f  refe-ence 1, whtln full-down 
e l a v a t o r  (1C") vas u s e d  t o  get Lhc hi1 u p ,  t he  p i l o t  
n o t i c e d  a sudden and pewerf'ul nose-d.uwn p i t c h i n g  o f  t h e  
a i r - o l m e  as t h e  tEi.1 o f  t h e  a l r i i l ane  s t a r t e d  t o  come up. 
This c f f o c t  occu r red  because t h e  e l e v s t o r  i n i t i a l l y  w a s  
s t g l l e d  (10" dawn. e l s v s t o r  combined with 130 ground 
m g l e )  and tk-icn b t c m e  uns t s l l ec t  E S  ths tail c m c  up. 
This d i f f i c u l t y  was e1irnin:itcd when th.6 maximinn dowi1- 
e l e v a t o r  dol'I.ection IVLS reduced t o  6 O .  

The all-movable t g t i l  did. n n t  provide  s u f f i c i e n t  e l e -  
vatai- c o n t i a o l  011 t ake-of f  t,o satisfy requi remants .  Th.e 
tail would r i s e  c t  45 m i l e s  p e r  hour w i t h  t h e  c e n t e r  of 
g r a v i t y  a t  26.8 percent; mem d a r o d y n ~ m i c  chord. If t h e  



t ake-of f  c r i t e r i o n  of r e f e r e n c e  4 i s  applied. ,  the speed  
skould be  55 nriles pzr hour with t h e  center. o f  g r a v i t y  
a t  28.5 p s r c e n t  mean 3erodynanl.c chord. (maximuni rearwarc?,). 
T i l  order to meet c o n t r o l  requi rements  o n  take-af'f,  t h e  
al l -movable  t a i l  provides l e s s  c o n t r o l  t han  8 convent iona l  
e l o v a t o r  .Cor a i r p l a n e s  w i t h  convent iona l  l and ing  p a r  and 
provides  rimre c o n t r o l  for a i r p l a n e s  w i t h  t r i c y c l e  l and ing  
gcar .  T h i s  r e s u l t  i s  t o  be t x p e c t e d  because,  with con- 
v t n t i o n a l  LtlndinC gear where the o b J e c t  i s  t o  raise t h e  
t a i l  fr20m t h e  ground q u i c k l y ,  t h e  use o f  down e l e v a t o r  
with :c f i x e d  s t a b i l i z e r  r e s u l t s  i n  g r o a t e r  upward t a i l  
loads than can be obtained f rom t h e  e s s e n t i a l l y  un f l apped  
s u r f a c e  o f  an 311.-movable t a i l .  I n  t h e  case  o f  t r i c y c l e  
1mdi.nG gea r  where tlne o b j c c t  is t o  raise the nose wheel 
from t h e  ground quickly, less downward. l o a d  can be 
obtained f r o g  thc: f i x a e - s t a b i l i z e r  convent iona l  t a i l  t h a n  
i'ro-m t h e  all-movable unf lanped s u r f a c e  because ths e l e -  
vat0o.r of t l ie convLntior'a1 t , u I1  must overcoxe the  upward 
lc \ad  o n  the stabilizer. 

The small v a r i a t i o n  o f  s t i c k  for.ce w i t j i  c l o v a t o r  
d e f l e c t i o n  i n  l and ing  with the all-mov;ble t a i l  as corn- 
p m e d  with t h e  v t w i s t i o n  of s t i c k  f o r c e  o b t a i n e d  with &he 
f i x e d - s t a b i l i z e r  t a i l  i s  due p r i n c f p z l l y  t o  t h e  l i n e a r  
hinge-moKi+nt c h a r ~ . c t e i - i s t i c s  on t h e  all-movable t a i l  over  
tlit; e n t i r e  range  of' d e f l e c t i o n s  and angles of' a t t u c k .  
Most convent iona l  s l e v a t o r s  have n o n l i n e a  hingo-aomant  
c h w a c t e r i s t f c s  for 1ni.ge angles  o f  att ; ick hnd s l e v a t o r  
de i ' l sc t ions  s o  that  ar? I n c r e a s e  i n  t h e  v a r i a t i o n  of s t i c k  
f o r c e  with o l e v s t o r  d e f l e c t i o n  accorripani e s  t h e  large 
up-elevz<tor c?ef l e c t i o i i s  used i n  landing. 



The p l l o t s  coinmcnted f t ivorably on t h e  r e l a t i v e l y  
g r e a t e r  response of b1?e all-mQvable t a i l  i n  l and ing  and 
i n  o t h e r  low-speed maneuvers as compared with t h a t  of' 
some convent ioi ia l  e l e v a t a r s ,  Tlie p.i.lots were impressed 
by  the g r e a t  response  o f  t h e  all-mo-m-ble b a i l  on t h e  
XP-4.2 a i r p l a n 3  because some r e c e n t  f i g h t e r  a i r p l a n e s  
haviirg narrow-chord convent iona l  e l e v a t o r s  have g iven  
s3.1ggish c o n t r o l  i n  l and ing  and a t  low speeds.  

E leva to r  t r im3 ing  c n a i > a c t e r i s t i c s  .- The airspeed 
.1_----_5*-1__1--.-.-1 

r a n g e y o r  which t h e  e l e v a t o r  canzrof. Tore ,  could be 
trlmmcd to z e m ,  t o g c t h e r  w i t h .  t h e  c a n t r o l  e f f e c t i v e n e s s  
o f  the t a b s ,  is slmwn i n  f i g u r e  19, The l i m i t e d  tab 
m:Jvement hvailclb1.e r e s t r t c t e d  t h e  .speed rang? for sortie 
f l i g l i t  c o n d i t i o n s  . ~ t i s  requi rements  of re ference  I C ,  
p c r t t ; i n ing  t o  adequacy o f  Lhe e l e v a t o r  t r i m  t x b ,  wou3.d 
bo met i f  t h e  dovvn..vard t a b  Cef l ec t ion  were i n c r e a s e d  
sboiit  2". 

P+ smal l  loss i n  t ab  e f f e c t i v e n e s s  i s  shown i n  
f i , p x e  19 for t h e  c o n d i t i o n  of' flaps down and power sff 
This loss mo1xnts t o  a ciirtnge i n  s t i c k  for*ce 9.c' aoout 
0 . 3  pound p e r  dsgree e l e v a t o r  d e f l e c t i o n  a t  80 m i l e s  p a r  
~TJI,W an?  c o n t r j  bu tks  t o  t h e  1igh.t s t . ick Poi:.ces encountered 
i n  landing, 
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The va lue  of t he  e l e v a t o r  hinge-moment parameter  
w a s  detemnined f r o m  t h e  increments  o f  s t i c k  f o r c e  and e l e -  
v a t o r  ang le  used  i n  pu l l -up  maneuvers from trimmed l e v e l  
f l i g h t ,  such  as those  f o r  w l i i c h  t i m e  h i s t o r i e s  are shown 
i n  f i g u r e  12. For t h e s e  c a l c u l a t i o n s  tne  r a t i o  of dynamic 
p r e s s u r e  a t  t h e  t a i l  t o  f r e e - s t r e a m  dynamic p r e s s u r e  qT/q 
w a s  e s t i m a t e d  from t he  d a t a  o f  f i g u r e  19 t o  be  1.05 a t  
150 m i l e s  p e r  hour and 1.00 a t  200 m i l e s  p e r  hour .  From 
t h e s e  d a t a  t he  va lue  o f  Chg, 
and -0.0028 p e r  degree a t  3.50 and 200 m i l e s  per  hour, 
r e s p e c t i v e l y .  These va lues  i n c l u d e  the  e f f e c t  of t he  
gea red  unbalancing t a b s .  The d i f f e r e n c e  a t  the two speeds 
i s  due t o  a f l e x i b l e  t a b  system tha t  pe rmi t s  t h e  t a b s  t o  
d e f l e c t  under load ;  t h e  r e s u l t  i s  about  a 17 pe rcen t  
r e d u c t i o n  i n  tab  d e f l e c t i o n  a t  200 m i l e s  p e r  hour as com- 
pa red  w i t h  t h e  no-load d e f l e c t i o n ,  With a r i g i d  tab 
system t h e  va lue  o f  Chg,  would b e  about -0.0033 per  
degree.  A value of C h g e  was c a l c u l a t e d  from t h e  t a i l  
c h a r a c t e r i s t i c s  by  t h e  method of  r e f e r e n c e  3 .  I n  o r d e r  
t o  apply  t h i s  method ( C L , ) ~  and T6-t vver e e s t iina t e d 

from t h e  curves  of r e f e r e n c e  6 t o  be 0.067 and 0.39, 
r e s p e c t i v e l y ,  The va lue  of‘ t h e  hinge-moment parameter 
was then c a l c u l a t e d  t o  be  -0.00325 p e r  degree .  T h i s  va lue  
i s  i n  good a g r e m e n t  with t h e  va lue  computed. from the  
f l i g h t  test d a t a  for- a r i g i d  t a b - c o n t r o l  system. 

Ch6e 
\ 

w a s  computed t o  be  -0.0031 

‘116 e 

The n o s i t i o n  o f  t h e  aerodynamic c e n t e r  has a l a r g e  
e f f e c t  on t h e  va lues  o f  CyluT arid CYLEe for the all- 
movable t a i l . .  The e f f e c t  f o r  t h e  t a i l  ivith p a r t i a l - s p a n  
tabs used  i n  t h e  p r e s e n t  t e s t s  i s  shown i n  f i g u r e  21. 
The COinplx t e d value of 
I f s h e s  t h e  aerodynamic c e n t e r  a t  about  24.3 p e r c e n t  mean 
aerodynamic chord. T h i s  p o s i t i o n  i s  i n  c l o s e  agre3ment 
with the valur: of‘ 2 1 ~  percen t  mean aerodynamic chord shown 
by data o b t a i n e d  a t  45 rnlles per  hour i n  r e fe rbnce  1. 
Before tklc t r a i l i n g - e d g e  s t r i p s  were a t t a c h e d ,  t h e  aero-  
dynamic c e n t e r  was between 20 and 21 percen t  mean aero-  
dynamic chord. This fo rward  p o s i t i o n  i s  a t t r i b u t e d  t o  a 
r e l a t i v e l y  l a r g e  t r s i l i n g - e d g e  angle  (12” t o  l5O). A 
cusped t r a i l i n g  edge could  be used Lo g ive  a more rearward  
aerodynamic-center p o s i t f o n  wi thout  t h e  e x t r a  drag  of  
t r a i l i n g - e d g e  s t r i p s .  A more r e a r x a r d  aerodynamic-center 

C h a T  of -0 .00C2 per  degree e s t a b -  



p o s i t i o n  would permit & more rearward hinge l o c a t i o n ,  and 
consequent ly  less mass-balance weight would be r equ i r ed .  

The a l l -novable  b a i l  was somewhat more h i g h l y  bal- - 
anced than t h e  P-36A e l e v a t o r s .  I n  o r d e r  t o  g i v e  the  s m e  
s t i c k - f o r c e  c h a r a c t e r i s t i c s  as the P - 3 6 ~  e l e v a t o r s ,  t h e  
all-movable t a i l  would have had t o  have va lues  of  C h u T  
and ChOe of about  -0.0015 and - 0 . 0 0 ~ 0  per  degree,  
r e  spe c t i  ve 137. 

T h e  s t i c k - c e n t e r i n g  s p r i n g s  user! i n  the f h a l  P l i g h t s  
o f  Lhis nrcgram gave an incrsinunt o f  s t i c k  f o r c e  o f  
2 pounds p e r  degree d e f l e c t i o n .  T h e  relative magnitude 
of' tlx siwing f o r c e  th rough  t h e  speed range i s  shown i n  
f i g a r e  22, wvhich also sliows t h e  rriagnitude o f  .the ldss  i n  
stick force f r o m  the f l e x i b l e  t a b  system. b'igure 22 skifJ\nrs 
t h z t  the c e n t e r i n g  springs doubled the stl .ck f o r c e  pe r  
degree el .avntor  Gef lec t ion  a t  90 n:ilcs p a r  h o u r  and jus t  
-balanced the loss from the f1exibl.c: t a b  system a t  230 miles  
per  hour 

EXTRAPOLATED RESULTS AND SUPPPJiNENTBRY AMBLYSi'S 

Ele v a t o r  Co:it,ro 1 i n L m  d i  ng 

The aZI.-movable t a i l .  2 s  c:~pizk;lcr: o f  developing a 
g r c a t e r  dovmward t a i l .  I.otld i r - i  Itinding than  a convent iona l  
e,l.evo.tor and f i x e d  s t f i b i l i z e r  .)I l 'hrst~-poinC landings  
theret 'or-e, can be  m5d.i: w i t h  xiore f o r w a r d  center -of -gravi  ty  
p o s f t i . o n s ,  Nith t h a  p r e s e n t  mperfrnental  txi 1 i n s t a l l a -  
t i .on ,  no apprec i ab le  Tilo ven:er,t o f  t h e  c e n t e r  o f  g rav i  tg 
c o u l d  be obtained convuniant ly  bccause o f  the  excess ive  
aiiilount o f  weight t h a t  would havcl been r e q u i r e d  on the 
~ o s e  of thc airplane, C a l c u l a t i o n s  were ma2e, h w e v e r  , 
which show t h e  magnitude of' the incrtjase in permiss ib le  
cxm t e r  -9 f - v i  t y rangz for t h r e e  - p:, 1. T i t  l a n  di. ng s r e  s u  1. ti ng 
from use o f  t he  a1l-inovclble t a i l  on tiLe xp-Li.2 z i r p l a n e ,  
imd t h e  r e s u l t s  art? shown i n  figure 23.  Figure 23 was 
cons t ruc t ed  by use  o f  the method of r e f e r e n c e  8 t o  obta in  
the  sJ.opss of  e 1"t;vator angle against, cen t e r - o f - g r a v i t y  
p o s i t i o n  and thon by S 'a i r lng t l i f t  curves  through .the t e s t  
p o i n t s  obtz4ned for power-off t h r e e - m i n t  lundings  . The 
7" t .~c ,ua to r  angle  ( a l ~ - - m o v a b l e  tiril) f o r  zc;ro t a i l  sngle  
o f  t i%tuck t h a t  i s  inr l ica tad  i n  f i p r e  23 results from the  
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d i f f e r e n c e  between a 1.3" aj.,rplane ground angle and a 
6' downwash angle ob th ined  by uae of r e f e r e n c e  9 .  
assumed I!+" t a l l  ang1-e of a t t a c k  f o r  t a i l  s t a l l t n g  i n d i -  
c a t a d  i n  f i g u r e  23 was o b t a i n e d  from t h e  taxi r u n s  o f  
r e f e r e n c s  1 i n  which the  t a i l  s t a l l e d  w i t h  4' down e l e -  
v a t o r ,  13' a-lrplane ground angle ,  and an estlmated 
3' downwash a n g l e .  
movable t a i l  w i i s  l i m i t e d  t o  T o  below bhe t a i l  s t a l l i n g  
angle  t o  avoid any p o s s i b i l i t y  of t a i l .  s ta l . l ing ,  Figure 23 
shows t h a t ,  through use  o f  t he  all-movable h o r i z o n t a l  
t a i l ,  t h e  pernii ssiblc: c e n t e r - o f - g r a v i t y  range of t h e  
XP-42 a i r p l a n e  i s  i n c r e a s e d  t o  20 percent  mean aerodynamic 
chord f rom an o r i g i n a l  range of 8 l x r c e n t  where t h e  per.- 
m i s s i b l e  range i s  d e f i n e d  by a rearward  l i m i t  for accep tab le  
s t a b i l i t y  i n  nmuvuvers and a r9orwnr-I E . i n i t  for power-off 
t h r e e - p o i n t  l an6 ings .  

The 

The maximum up d e f l e c t i o n  o f  t he  a l l -  

If an airy?lane i s  designed with a sinal1 hor jzontpa l  
t a i l  and a forward center -of -grcvi ty-  p o s i t i o n ,  pcrx icu lar  
attont-Lon shouid b% given, i n  t he  design s tLge ,  t*] the 
E f f e c t s  qf poxer . If t h e  appiicpLt,i9n o f  powar with f l a p s  
(?own c a w e s  a l a r g e  nose-down p i  tch.:.ng mi,vcment, t h e  wave- 
oft (mcdi t ior i  m h y  becoqie cribLcc:l is t h e  t;til area i s  
reduced b~caus. ;  of th6 p o s c i u i l i t y  of t t l i L  s t t i l l ing,  

Elevator Contw 1 i n  Zlurning F l i g h t  

The all-rri2ve.ble t k i l  w i t h  the  s e r v o  Lcib c o n t r o l  
( rafcrenc; ;  1.) of ' fered t h e  pos ,3 ib l iEty  CS o b t a i n i n g  s t i c k  



f o r c e s  i n  t u r n i n g  f l i g h t  t h a t  would b e  dependent only on 
t h e  bobwelght e f f e c t  and x o ~ i l  d be independent ,  t h e r e f o r e ,  
o f  a l rp l a i i e  cen te r -o f -gPav i tg  p o s i t i o n  and a l t i t u d e .  This 
advantage is n o t  o b t s i n a b l e ,  o f  course ,  with t h e  p r e s e n t  
c o n t r o l  arrangement With t h e  p r b s e n t  t a l l  t he  s t i c k  force 
p e r  g i n  t u r n s  v a r i e s  with fxirpllme c e n t e r - o f - g r a v i t y  pos i -  
t i o n  and a l t i t u d e  i n  the  same ;Nay a s  with a convent ionhl  
i i l evz tor  . 

C a l c u l a t i o n s  were rriarle o f  thE; vd-r ia t ion o f  s t i c k  
force p e r  g with c e n t e r - o f - g r a v i t y  p o s i t i o n  with the 
p r e s e n t  t a i l  f o r  d i f f e r e n t  t a b  g e m  r t i t i o s ,  6nd t h e  
r e s u l t s  % r e  shown i n  f i g u r e  24. The r eg ion  of  d e s i r a b l e  
stj.cI3: r o r c z s  i s  shown im f j g u r e  24 i n  a c c o r d m c e  wits t h e  
requi rements  of  r e f t r i j n c e  4. For sny given  t a b  gea r  r a t i o  
t h e  center -of -gr tAvi ty  r m g s  is 3ecn t o  be s m u l l ,  as i s  t h e  
ct ise for a i . rp lGnos  hav ing  convcixtiondl blevtAtors.  For the 
P - 5 6 ~  E i rp l ane  the  c e n t c r - o f - g r a v i t y  rhnge ewtendccl approxi-  
ctate!.g from 24 t o  3 0  p ~ ~ c c n t  mem aerodynamic cl1or.d. 

If' u3e i s  m L d e  J ~ L  L cockp i t  c o n t r o l  over  t h e  Lab gear 
r s t i o  (i1eferericd 7), d e s i r a b l e  s t i c k  f o r c e s  i n  t u r n i n g  
f l i g h t  could be providcL3 ~ v e r  any reasonab le  ccjntt;-r-of- 
gravity range,. From i ' lgure 24, It, i s  ev iden t  t ha t ,  with 
snch J. c o n t r o l  and with tab gear r e t f o s  fr*xfi 0.5 t c  2.Q,  
rjoslrti.1~l.e stick f o r c e s  9.n burns ijlrouid b6 obtLTinable f o r  
a ranzc of csntex>-of-grLvitg p o s i t f o n s  from 10 p$rcen t  
mzan aerodyrianiic Chord ,  which  i s  t h e  czlcu.l!Lted forflard 
l i m i t  f o r  cl.svs;tor c o n t r o l  in l n n d h g ,  t o  30 percent, 
ahl.ch i s  t h e  roarwar!? l i m i t  f o r  s a t f s f a c t o r g  s t i c k  f a r c e s  
i n  turns f o r  t h e  P - 3 6 ~  air>Xsne k L n u  tne  approximats r e h r -  
wrrrd L j m i t  for acccptLblt! s t a b f l B t y  i n  s t r a i g h t  f l i g h t .  

E lev t i t o r  C o n t r o l  I n  Spizs  

$To s p i n s  were made ir, the XP-4Z a i r p l a n e  w i t h  the 
a l l - n o v s b l e  tzi I ; kawever , t h e  goiler.r;l sp inn ing  cha rac t e r -  
i s t F c s  can be p r e d i c t e d  from a v a i h b l e  sp in - tunne l  t e s t s .  
I n  1936 tests were rrizd5 i n  t h e  M;i.C;A 15- fDot  f r e e - s p i n n i n g  
" imnej  of 9 model of' t h e  C u r t i s s  P-56;; &A.rgLlne. T h e  
Pesu l t s  i n d i  cu ted  that  good spin rc,cove.ry W : I S  o b t a i n e d  
by complete ruddr;r rsvers;=il with the elt va to r  h e l d  ful .1 
up. 
t o  50° mtd. the corresponding tLirspesds ( f u l l  sc t i le )  v k r i e d  
f rom l:!G t a  110 m i l e s  p r  hour, r e s p e c t i v e l y .  T e s t s  wcre 
m:?lsde mcent-t ly i n  t h e  8 M f f .  20-l'oot free-spinning t u n n a l  

';.'he angle  o f  a t t a c k  i n  th.e s n i n  v s r i e d  from 30' 
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o f  a C u r t i s s  XP-60u model. ( t h e  C u r t l s s  P - 3 6 ~  model  was 
n o t  a v a i l a b l e )  w i t h  b o t h  a convent iona l  and an al l -movable  
h o r i z o n t a l  t a i l .  The  r e s u l t s  of t h e s e  t e s t s ,  showed that  
good s p i n  r ecove ry  m.s o b t a i n e d  bg rur?der r e v e r s a l  a lone  
and  that  s u b s t i t u t i n g  t h e  all-movable t a i l  gave no s i g n i f i -  
c a n t  d i f f e r e n c e  i n  spi.n recovery .  

The al l -movable  t a i l  w i l l  normally be s t a l l e d  i n  a 
s n i n  and t h e r e f o r e  v v j . 1 1  h sve  tl l a r g e  h inge  moment tending  
t o  h o l d  i t  i n  the  up p o s i t i o n .  O n  most a i r p l a n e s  th i s  
moment is expec ted  t o  be too 1arE;e for t h e  p i l o t  to  over-  
come. I t  appea r s  necessn rg  with an r l l -movable  tail, 
t h e r e f o r e ,  t o  r e q u i r e  t h a t  s p i n  recovery be e f f e c t e d  by 
mo-mxent of the rudder  and a i l e r o n  c o n t r o l s  a lone .  PP 
sDEn recove ry  i s  provided  i n  this wsy, t h e  excess ive  ele- 
v s t o r  s t i c k  Corce ~ o u l d  no t  be d m g o r o u s  because the  down- 
ward Ditching  o f  t h e  aiili,)lcne when the  s p i n  s tops  tvf i~1-d 
u n s t g l l  t h e  e l c v a t o r  and pertiilt t h o  p I l o t  t o  resume normal 
con t r o  1 . 

The p r e s e n t  %ai 1 i ~ ~ ~ ~ ~ ~ ~ L ~ - : 3 . ~ ~ - ~ ~ i i  was ciesignec! for t e s t s  
i n  t,h3 iovu-sx?ec;c! ~"1;ge and nr) f 1ighl;s wcre m s 4 e  at; h igh  
Maeb n m b e r s .  Recent cxpcrience has inc l icc ted  that, a 
convent fone l  s e a l e d  slsvator w i l l  n1;~fnt:ii.n i c s  e f f e c -  
t i v e n e s s  a t  l e a s t  t o  Yach nuin'rters f o r  which seve re  coin- 
p r e s s i b i l i t y  affects w e  enc(>irnterod on i3e  t;iil i t s e l f ' ,  
T e s t s  OP t h e  ~ I l - r , i o v h b I e  t a i l  a lso s h ~ w  tsk-2;c i h e  stick 
foi3rf;3 uitb t h e  ali .-aovtible tnj 1 slioulrl D E  e-ii l ivalent t o  
thoke ?1' a convent tona l  e l e v . t t o r  f.n Q r i J o r  t q  Give s a t i s -  
f z c i o r y  e l e v a t o r  c o n t r o l  a t  low speeds On th i  s b a s i s ,  
f o r  comnarable t i i  I s i z e s  t h c ;  al l- ivovable L k j  1 'cvoinld 
s p p e a r  t o  Qfftir no a8v:intag4? Over 2 emver:t ioual t ~ i 1  in 
r ega rd  t o  c o n t r o l  c h a r a c t e r t s  t i c s  spoeds  Gpipro:icktiizg 
t7iL;i-h Pa' which severe c o m p r e s s i b i l i t y  eff  c c t s  occur  on 
t h e  t a L : L .  4s zo%t:CI p r e v i o u ~ l - y  i n  t h e  aresent paper 
and i n  i*ef ereEce 10, however t h e  a l l - n o v a b l e  t a i  1 o f f e r s  
thc? po j ,q ib i l : - t y  of a. recluctiun i n  t a l 1  s i z e  3 3  cornparad 
wii2iaff;reG-staki l i z e r  t z i l .  111 tnis  c m n e c t l o n ,  r e f e r -  
ence 10 h:~s shorn t h a t  Q r e d u c t i o n  f n  tsil s i z e  would be 
expec ted  t o  impro vc eleTr2Ltor control .  c h b r 2 c t e r i s t i c s  2 t  
speeds below tha t  f o r  which severe  c o m p r e s s i b i l i t y  e f f e c t s  
occur  on t h e  t a i l .  
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A t  speeds above ‘ that  f o r  which seve re  c o m m e s s i b i l i t y  
e f f e c t s  o c c u r  on t h e  t h i l  i t s e l f ,  however, r e c e n t  t e s t s  
by  t h e  XACA wing-flf>w method have shown that t h e  e f f e c -  
t i v e n e s s  o f  a conventional-  e l e v a t o r  J P G ~ S  n e a r l y  t o  z e r o  
f o r  a s m a l l  Mach number r e g i 3 n  sl-fgkzi;lg below a Nach 
number of 1, whereas a s u f f i c i e n t l y  t h i n  a i r f o i l  ma in ta ins  
-its e f f e c t i v e n e s s .  I t  ar)pears, t h e r e f o r e ,  that  e i t l i e r  
an all-movable t a i l  cjr a lnovable s t a b i l i z e r  may be 
r e q u i r e d  f o r  c o n t r o l .  For e i t l i e r  of‘ t h e s e  t a i l s  some 
type of nawer boos t  appears  mandatory i n  o r d e r  to  handle  
t h e  l a r g e  ccTmpressi.bi l i t y  hinge-moment changes t h a t  a r e  
e x p o c t e d  t o  occu r .  Tor t h e  all-movable t a i l  f i g u r e  25 
shows a schematic  drawing OS a control-system arrangement 
t h a t  i s  cons idered  t o  s a t i s f y  the  requi rements  o f  a 
lon&.tudiflial c o n t r o l  f o r  Uach numbers a ~ w ’ o a c h i n g  ui i i ty .  
Th.; s e r v o c o n t r o l  would be locked  i n  on ly  for f l i g h t  a t  

~ c l i  nurnbvrs and could be designed spec i  f icc~1. lg  for 
t h f s  pttrpose without; comproxiscs t o  o b t a i n  the  r a p i d  
r a t e s  o f  c o n t r o l  movement r e q u i r e d  i n  take-of f  , landfng;,  
and a t  low speed.  3ecause the  s e r v a c o n t r o l  would be used  
Zn o.ulg oyle s p e e d  r ange ,  s t f c k - f o r c e  v a r i a t i o n  with s p e d  
T ~ ~ ~ ~ L d  be i7e la t ivc , ly  unirclgorkant and the u e r v ~ c o n t r o l ~  
coill-6 he inode i r r e v e r s i b l e  i n  o r d e r  t o  dissoc-:at6 i 2 i t 2  

s t i c k  P o r c o s  from hinge-moment changes due t o  compressi- 
k b l i t y  sF:ft:cts. ,%ti.& f o r c e  f r o m  a sprinc; an t h e  S ~ P V O -  
cuntrc.1. s t i c k  together with l a rge  s e r v o c o n t r o l  s t l c k  
movwent would nrovide ess t :n t ia l  c o n t r o l  f e c l .  I t  i s  
npm?ent  t h h t  .the suii;gestecl c a n t r o l  systeln i s  e q u a l l y  
adaptab le  t o  a 1novan1.c: s t a b i l i z e r .  It can be concluded 
t h e n  t h a t  .,t 4’1ach nrtriibc rs at W!ifch geirere comtx?ossibi l i ty  
Gf fec t s  arc: encountered on t h e  t , t L i l  itself, t h e  011.- 
movable t a l 1  w i l l  hsve n3 ac,rsotlyna~iiic advantage o v e r  a 
rriovaLle s t a b i l i z e r .  il’ czn a1-1-1wvable t a i l  i s  employed, 
however, i;;7 obtr , in  increased con%ro l  Pn landing  o r  a 
e;ren-ic,r center-or-grs-vi  t y  rong~zj, t h e  c o n t r o l  for h i g h  
E4cic1.1 numbors wi.11. be e q u a l  t o  Lhe con”i01 froin m y  
s table li z e r  - E 1 eva t o r c m i  b i  na ti on 

. CO?T!.TCLTJ 

, From t h c  r e s u l t s  o f  t h e  o r e , s m t  f l i g h t  t e s t s  o f  an  
’ a l l - m o v a l ~ l e  h o r i z o n t a l  t a i l  wi tli gcared: unbalancing t a b s  
on the Cui- t iss  XP-42 Lirp lune  t h e  f o l l o w i n g  obse rva t ions  
can b~ mads 2 



1, The u n s a t i s f a c t o r y  c o n t r c i  f e e l  i n  r a p i d  maneuvers 
t h a t  had been gb+Jsined I n  w e l l m i n a r y  t e s t s  o f  t h e  all- 
movable t a i l  with eer t ro tab  c o n t r o l  was eliiixinatzd w i t h  
t h e  p i l o t r s  s t i c k  connected d i r e c t l y  t o  t h e  e l e v s t o r  and 
t h e  tabs connected as geared unbalancj.ng tabs. T h i s  
c o n t r o l  arrangement provided  sufficient v a r i a t i q n  o f  
s t i c k  force with el-evhtor de f ' l ec t lon  t o  inc?ica.te t o  t h e  
p i l o t  t h e  m o u n b  o f  c o n t r o l  he wqs using;.  

2. Play i n  the  t a b - a c t u a t i n g  system caused the  
occurrence of 8 cont inuous c o n t r o l - f r e e  l o n g i t u d i n h l  
os c i  l l a t l o ln  o f  s h o r t  p e r 5  od  and small a m D l i  t ude .  The 
o s c i l l a t i o n  dmped  s a t i s f a c t o r i l y  wheii t h e  n l a y  -i n t h e  
s y s t e n  IWBS rcuioved by Lieail? of  a sp r ine  between the t a b s  
r m c i  t h c  elevator. 

7, .  T h s  z t i c k - f r s s e  and stfck-;'j.xed long i tud i i i a l  s t a -  
b i  l . itg c h a r a c , t e r f s t i c s  o f  t h e  a i r p l a n s  were no t  m a t e r i a l l y  
Cb-uj?Gi:il with t h e  all-novable t a i l .  

7 Stick-centerin; e p r  Ings were r e q u i r e d  t:, i n c r e a s e  
s t i c k  .foi.ces for lar?_ding. S,ocause t h e  all-movablc t z i l  
has linear kr.'inge-i~iorr.ent character5 s t i c s ,  t h e  u::i:al i n c r z a s e  
i n  stick force wEtlqL l s r g e  u p e l e v a t o r  deflection i s  not 
ob t ai n3 d . 



the  f l i g h t  t e s t s ,  the  f3ll.owt.ng a d d i t i o n a l  observations 
can he mac7~;: 

1. If a cockp i t  c o n t r o l  5vere used t o  ;rary t h e  t a b  
gedr r a t i o  o f  Lhe a l l - m o m b l e  t d l  f ron  0.5 tr_, 2.0, sa t i s -  
f w t o r y  c q n t r o l  f o r c e s  -in t m n s  v v ~ u l c ;  'ne o b t a i n a b l e  F o r  
a m n s e  of' c e n t e r - o f - g r a v i t y  n o s i t l m s  from 10 t o  30 per -  
cent me an hero d.ynai*ci?- c c2iqrd , 



Langley Fliernorial Aeronaix t.i. c a l  Labora tory  
ITational ~ d v f  s o r y  C o m m i t  t e e  f o r  Aerinaut ics  

' Langley yield, Va, , ~ a g  17, iqL.6 



APFENDIX 

G ~ N E R A L  SPECIFICATIONS OF TFJZ CURTISS XP-4-2 AIRPLAEE 

Name . . . . . . . . . . . . . . . . . . . .  C u r t i s s  XP-42 
Ewiber . . . . . . . . . . . . . . .  Air Corps No . 38-4 
Engine . . . . . . . . . . . .  P r a t t  & bdhitney K-1830-31 

Rat ing  (with 92-octane g a s o l i n e  used  for t h e  p r e s e n t  
t e s t s ) :  

Take-of f 
Horsepower . . . . . . . . . . . . . . . .  1050 
Fianifoldi p r e s s u r e .  Ln . I-~g . . . . . . . . .  L2.8 
Engine speed. rpin . . . . . . . . . . . . .  2790 

C l i m b  
At sea l e v e l  

liorselwwer . . . . . . . . . . . . . . . .  
K a n f f o l d  p r e s s u r e .  .in. Hg . . . . . . . . .  314 
m g i n e  speed. r p m  . . . . . . . . . . . . .  2550 

A t  LO. 000 f t  
Eorsenower . . . . . . . . . . . . . . . . .  900 
filanii'oid p r e s s u r e .  i n  . Hg . . . . . . . . .  34 
2ngine speed. rpm . . . . . . . . . . . .  2550 
Hor'seDower . . . . . . . . . . . . . . . .  570 
Iiani.i 'old ( j ressure .  i n  . Ilg . . . . . . . . .  26 
Engine speed. rpni . . . . . . . . . . . .  2230 

Supercllarger ( s i n d l e - s t a g e )  gea r  ratio . . . .  8.b7:1 
P r o p e l l e r  . . . . . . . . . . . . . . .  C u r t i s s  e l e c t r i c  

i !wber  of blades . . . . . . . . . . . . . . . . . .  3 
Gear r a t i o  . . . . . . . . . . . . . . . . . . .  16:q 
Rear wing t a n k s  . . . . . . . . . . . . . . . . .  6 1  
Front >-Tine t anks  . . . . . . . . . . . . . . . . .  41 

O i l  Ca.j?acrity, gal . . . . . . . . . . . . . . . .  13.5 
V;eiglit f o r  p r e s e n t  t e s t s .  lb . . . . . . . . . . .  5800 
Cente r -o f -g rav i ty  p o s i t i o n  for p r e s e n t  t e s t s  

(wheels  u p ) .  ye rccn t  h:.a.C. . . . . . . . . . . .  25.7 
Length ( q v e r - a l l ) .  f t  . . . . . . . . . . . . . . .  29 
Height ( o v e r - a l l )  . f t 

Tlhree-point a t t i t u d e  . . . . . . . . . . . . . .  10.5 
Ply ing  a t t i t u d e  . . . . . . . . . . . . . . . . . .  9 

Cruf s e  
A t  10.  000 f t  

l X . a m e t e r , f t  . . . . . . . . . . . . . . . . . . .  10 

Fuel capac i ty .  g a l  
Fuselage t ank  (renioved f o r  p r e s e n t  t e s t s )  . . e . 60 

22 



~ l l i  ng : 
Span, f t  . . . . . . . . . . . . . . . . . . . .  37.3 
Area, sq f t  . . . . . . . . . . . . . . . . . . .  236 
A i r f o i l  s e c t i o n ,  r o o t  . . . . . . . . . . .  NACB 2215 
Air fo i l -  s e c t i o n ,  t i p  . . . . . . . . . . . .  EACA 2209 
Thean aerodynamic chorri, ft . . . . . . . . . . . .  6.8 
Aspect r a t i o  . . . . . . . . . . . . . . . . . .  5.9 

Dihedrhl  (1eatiTng edze o f  w ing) ,  deg . . . . . . . .  6 
Incfdence ,  deg . . . . . . . . . . . . . . . . . . .  1 
Sweenbacic ( l e a d i n g  edge of wing) . . . . . . . .  P 2 5 r  

Areag sq f t  . . . . . . . . . . . . . . . . . .  34*.8 
?’ravel ( m d x i m u m ) ,  dag . . . . . . . . . . . . . .  k’j 
Chord, f t  . . . . . . . . . . . . . . . . . . .  1.76 

Length, f t  . . . . . . . . . . . . . . . . . . .  6 . 9 4  
Ch0r.J (LyaJyirlull?), f’t . . . . . . . . . . . . . .  1.54 
Area ( i n c l u d i n g  1+.2$ sq  f t  ba lance  a r e a  ancl 
0.11 sq f t  t r im- tab  ; rea) ,  sq f t  . . . . . . .  18.l.kl 

Def l ec t ion ,  deg 
U p . .  . . . . . . . . . . . . . . . . . . . . .  24 
Ddwn . . . . . . . . . . . . . . . . . . . . . .  11 

Ffn a rea ,  sq f t  . . . . . . . . . . . . . . . . .  7.0 
RuGrier a r ea  (incIudiiiry b)81ax1ce area of 1.34 sq f t  

an3 t a b  a r e a  of 0.55 sq ft), sq f t  . . . . . . .  13.71~ 
Chord (mcxirnuinj . f t  . . . . . . . . . . . . . .  2.51!- 
O f f s e t  fror:: t n r u s t  ax i s ,nose  l e f t ,  deg . . , , 1.5 
Def lec t ion  ( r i g h t  and l e f t ) ,  def; . . . . . . . . .  30 

Hor i zon ta l  t a i l :  
O r i g i n a l  t a i l ,  i - d e n t i c a l  witti ~ - 3 6 h  t a i l ,  

Span, f t  . . . . . . . . . . . . . . . . . . .  12.8 
Area ( i n c l u d i n g  3.56 sq f t  YuFelage),  sq f t  . 48.0 
E l e v a t o r  m e a  ( i n c l u d i n g  ba lance  a r e a  o f  

3.8 sq f t  and tab a r e a  o f  1.68 sq f t ) , a q  f t  . 19.2 
CIiord (rnaximurfl), P t  . . . . . . . . . . . . .  1-69 
Inc idence  ( s t a b i l i z e r  nose u i s j  , deg e , . . a . . 2 
,cis?sct r b t i o  . . . . . . . . . . . . . . . . .  3.42 
Distance f rom e l d v a t o r  h inge  l i n e  ‘LO 
25 r,ercer:t I ,  * A - C ,  of  wing:, I‘t . . . . . . . .  18.1 

Der’lecticn,  deg 
t i p . . . . . . . . . . . . . . D . . . . . . .  28 
lbvvn. . . . . . . . . . . . . . . . . . . . .  25 

. . . . . . . . . . . . . . . . . .  Tapel. r a t i o  0 4 3  

Whg  f l a p s  ( s p l i t  t y p e )  : 

d i l e m n s  ( F r r s e  t y p e ) :  

V e r t i c a l  t a i l :  
I 

convcntfonal  fixed-:: t a b i l i z e r  type 



-7 N 0 

All-movable h o r i z o n t a l  ta41: 
Span, ft . . . . . . . . . . . . . . . . . . . .  lk.77 
Tab a rea ,  sq f t  . . . . . . . . . . . . . . . . .  3.6 
bspec t  rati.0 . . . . . . . . . . . . . . . . . .  4.64 
~ z . p e r  r a t i o  . . . . . . . . . . . . . . . . . .  0.142 
Mea= aerodynamic chord ,  ft . . . . . . . . . .  3.25 

25 i2ercent Y . A . C .  of  wing, ft . . . . . . . . .  14.58 

Area (including 6 . 1  sq f t  f‘uselage),sy f t  . , e 47.0 

%stance  f‘rm e l e v a t o r  hinge l i n e  t o  

3eflsctlon, d.eg 
U p . . * . . . . . . . . . . . * . . . . . . . .  10 
f i ) w - n .  . . . . . . . . . . . . . . . . . . . . . .  6 
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PrelirrLin&ry F l l g n t  Tests of' an All-Xovable V e r t i c a l  
T ~ X .  Surface NACA ARR,  an, 1243. 



NACA TN No. 1139 F i g s .  1 ,2  

F i g u r e  1.- T h r e e - q u a r t e r  f r o n t  v i e w  o f  C u r t i s s  XP-42 a i r p l a n e  
as t e s t e d  w i t h  a l l - m o v a b l e  h o r i z o n t a l  t a i l .  

F i g u r e  2.- T h r e e - q u a r t e r  f r o n t  v i e w  o f  C u r t i s s  P-36A a i r p l a n e  
( u s e d  f o r  p u r p o s e s  o f  c o m p a - i s o n )  as t e s t e d  a t  t h e  L a n g l e y  
l a b o r a t o r y .  



NACA TN No. 1139 Figs. 3,4 

F i g u r e  3 . -  T h r e e - q u a r t e r  rear v i e w  o f  C u r t i s s  XP-42 a i r p l a n e  
, w i t h  a l l - m o v a b l e  h o r i z o n t a l  t a i l .  

F i g u r e  4 , -  T h r e e - q u a r t e r  rear v i e w  o f  C u r t i s s  P-36A a i r p l a n e ,  



NACA TN No. 1139 F i g s  5 , 6  

F i g u r e  5.- A l l - m o v a b l e  h o r i z o n t a l  t a i l  d e f l e c t e d  f u l l  down, 

F i g u r e  6.- A l l - m o v a b l e  h o r i z o n t a l  t a i l  d e f l e c t e d  f u l l  up.  



NACA TN No. 1139 F i g .  7 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure 7 . -  Three-view drawing of Curt iss X P - Q  airplane 
with all-movable horizontal t a i l .  



F i g .  8 NACA TN No. 1139 

All-movtible tail 

e NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure 8.- Plan view of Curtiss XP-42 airplane showing location 
of original and all-movable horizontal tails. 
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#ax, thickness at 0.428 chord L 
\ 

Fig. 9 

A\ - 

I \  

_-- 

Area, sq ft 
Movable t a i l  40.9 
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I .A .C. ,  ft 

Root 0.10 chord 
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I I  h Trailing-edge 
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1-22f1--= NATIONAL ADVISORY 

Figure 9.- Dimensions of all-movable horizontal t a i l  for 
Curtiss XP-42 airplane, 



Fig. 10 NACA TN No. 1139 



NACA TN No. 1139 Fig. 11 

Figure 11.- Relation between tab angle and elevator angle and between 
stick position and elevator angle for all-movable horizontal tail. 
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13 

Figure 13.- Representative static longitudinal-stability data 
for XP-42 airplane with all-movable horizontal tail. 



Fig. 14 N A C A  T N  No. 1139 

Figure 3.4.- C m p i s o n  of the stick-fixed static longitudinal stability .. 
of the XP-42 airplane with all-movable tail with the P-%A airplane. 
Flaps and gear up. 
versely proportional to elevator effectiveness; therefore equal 
slopes represent approximately equal stability.) 

(Note that the elevator-angle scales are in- 



NACA TN No. 1139 Fig. 15 

AiPp/une lift c o e f f i c i e n t  I CL 

Figure 15.- Representative data obtained in  steady turns with 
XP-42 airplane an& all-movable t a i l .  Altitude, 8500 feet; 
pwver on: nanifold pressure, 34 in. Hg; engine‘speed, 2550 rpm; 
center of gravity a t  25.7 percent mean aerodynamic chord. 



Fig. 16 NACA TN No. 1139 

L e f t  Angle of sides/ip, de9 R&hf 
Figure 16.- Sidealip characteristics of aP-42 airplane with 

all-movable horizontal tail. NATIONAL ADVISORY 
COMMITTEE FOA AEROMbUTlCS 
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Fig. 18a,b NACA TN No. 1139 



NACA TN NO. 1139 Fig. 19 

figure 19.- Variation of s t i c k  force with indicated airspeed for 
airplane trimmed fill nose heavy and fill t a i l  heavy. 
i n  tab settings, S.ZSo. 
pressure,23 in. Hg; engine speed, 2350 rpm. 

Difference 
Power for poweron condition; manifold 



NACA TN NO. 1139 

Figure 20.- Time history of a pull-up made by trimming the 
a imlane  t a i l  heaw and then releasing the s t i ck .  



NACA TN No. 1139 Figs. 21, 22 

Figure 21.- Effect of aerodynamic-center position on the 
elevator hinge-moment parameters ch and ch . 

aT &e 

Figure .22.- Effect of flexible tab system and stick-centering 
springs on the s t ick  force per degree elevator deflsction. 
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Fig. 25 NACA TN NO. 1139 


